Introduction: Binge eating disorder (BED) is associated with obesity and major depressive disorder (MDD). Naltrexone extended-release (ER)/bupropion ER (NB) is approved as an adjunct to diet and physical activity for chronic weight management. In a prospectively designed 24-week open-label, single-arm, single-site trial of 25 women with MDD and overweight/obesity, NB reduced weight and depressive symptoms. Methods: This post hoc analysis investigated the relationship between change in self-reported binge eating behavior (evaluated with the Binge Eating Scale [BES]) and changes in weight, control of eating, and depressive symptoms.
INTRODUCTION
Binge eating disorder (BED) is a newly recognized eating disorder [1] that is associated with both obesity and major depressive disorder (MDD) [2] [3] [4] . Indeed, BED has been hypothesized to mediate, in part, the bidirectional relationship between obesity and depression [5] [6] [7] .
Cognitive behavior therapy and interpersonal therapy reduce binge eating and depressive symptoms in patients with BED, but have little effect on body weight [8, 9] . Antidepressants reduce binge eating and depressive symptoms but similarly have clinically insignificant effects on body weight [10] [11] [12] .
Topiramate reduces binge eating and has clinically significant weight loss effects, but is difficult to tolerate because of cognitive impairment [13] [14] [15] . Sibutramine reduces binge eating, depressive symptoms, and body weight in obese patients with BED but has been removed from the market for safety reasons [16] [17] [18] . Lisdexamfetamine, approved for the treatment of moderate to severe BED in adults [19] , has been shown to reduce binge eating and body weight in patients with BED, but the presence of clinically significant depressive symptoms was a specific exclusionary criterion [20] [21] [22] . New treatments for BED, especially for individuals with concomitant MDD and obesity, are greatly needed.
Naltrexone extended-release (ER) and bupropion ER combination (NB) is an anti-obesity agent approved in the USA, European Union, and South Korea as an adjunct to diet and physical activity for chronic weight management in obese adults or overweight adults with one or more weight-related co-morbidities. NB is believed to reduce appetite through sustained activation of hypothalamic pro-opiomelanocortin (POMC) neurons and to reduce cravings through actions in the mesolimbic reward system [23, 24] . A prospectively designed open-label, single-arm, single-site 24-week exploratory study of NB in overweight or obese subjects with MDD showed that NB, in combination with dietary and behavioral intervention, was associated with significant reduction of depressive symptoms and of body weight from baseline (-9.2% at 24 weeks in observed subjects) as well as improvement in ratings of control of eating [25] . The Binge Eating Scale [26] (BES), used as a measure of self-assessed binge eating behavior and cognition, was a secondary outcome in the study. BES scores were significantly decreased during the study. In the current investigation, the effect of NB on binge eating symptomatology was evaluated with an exploratory analysis of the relationships between change in BES score and change in depression scores (using the Montgomery-Å sberg Depression Rating Scale [MADRS] and Inventory of Depressive Symptomatology-Self-Report [IDS-SR]) [27, 28] , change in weight, and change in self-reported difficulty in controlling eating, assessed using the Control of Eating Questionnaire [CoEQ [29] ]).
METHODS
The study design, inclusion/exclusion criteria, and analysis population for this open-label study have been described previously [25] . Briefly, a single-center, open-label, single-arm 24-week prospective study evaluated combination therapy with 32 mg/day naltrexone ER and 360 mg/day bupropion ER (NB) in overweight/ obese subjects with MDD. Medication was initiated at one-quarter of the daily maintenance dose and escalated over the first 4 weeks of treatment. Previously reported key inclusion criteria included age 18- 6, 12 , and 16 and a prescription for exercise from a registered dietician. The primary efficacy endpoint of this study was the change in MADRS total score from baseline to week 12 [25] . Key secondary endpoints included change in MADRS total score from baseline to week 24, as well as change in body weight, IDS-SR total score, CoEQ scores, and BES scores from baseline to weeks 12 and 24 [25] . The study protocol was approved by the University of Cincinnati institutional review board, and each patient provided written informed consent prior to study entry. Study conduct was consistent with Good Clinical Practice standards and the Helsinki Declaration of 1964, as revised in 2013. This article is based on analysis of the data from a previously conducted study (ClinicalTrials.gov Identifier NCT00624858) and does not involve any new studies of human or animal subjects performed by any of the authors.
For the present exploratory analysis, change in BES total score at weeks 4, 8, 12, and 24 was investigated, along with the relationships between the change in BES total score and the change in MADRS total score, IDS-SR total score, and difficulty controlling eating based on CoEQ Question 19 (CoEQ 19) score. The BES consists of 16 self-reported weighted items (score 0-3 each) designed to assess binge eating problems in obese individuals by appraising both the behavioral manifestations of, and cognition surrounding, a binge episode. A total BES score B17 is interpreted as ''little or no problem,'' 18-26 as a ''moderate problem,'' and C27 as a ''severe problem.'' The CoEQ consists of 20 subject-reported questions, each scored with a 100-mm visual analog scale, designed to assess various aspects of appetite, food craving, eating behavior, and mood [29] . CoEQ 19 reads: ''Generally, how difficult has it been to control your eating?'' For these analyses, only observed data from the full analysis set (all subjects who had a baseline measurement, and had at least one post-baseline MADRS total score measurement while on study drug) were used. For the categorical outcome variables, descriptive statistics included number and percentage of subjects for each category. Percentages were calculated on the basis of subjects with non-missing data at a given time point as the denominator (i.e., those subjects with missing data were excluded). For the continuous outcome variables, descriptive statistics included number of subjects (n), mean, standard deviation (SD), median, minimum, and maximum. Within-group t test statistics and 95% confidence intervals were calculated to evaluate whether the change from baseline was statistically significantly different from zero, without adjustment for multiplicity. Correlations between BES score change and IDS-SR, MADRS, CoEQ 19, or weight change were evaluated using Pearson's correlation coefficient. The significance level was defined as p\0.05 and all reported p values are 2-sided. All statistical analyses were performed using SAS Ò software ( 4) . Moderate or severe problems with binge eating (per BES) were present at baseline in 91% of subjects (Fig. 1) . Twelve subjects discontinued treatment prior to week 24: 1 lost to follow-up, 1 due to non-compliance with study drug, and 10 due to adverse events (all single events, none of which were serious) [25] . NB was associated with significant reductions from baseline in body weight and MADRS, IDS-SR, and CoEQ 19 scores that were observed as early as week 1 for MADRS and body weight [25] and week 4 for IDS-SR and CoEQ 19 (Table 1) ; these improvements were all sustained through study end. As presented in Fig. 1 , BES scores were significantly improved at the first post-baseline measurement (week 4; n = 17) and improvement was maintained throughout the trial. By week 8 (n = 16), no subjects exhibited ''severe'' BES scores, and by week 24 (n = 12), 83% of subjects exhibited ''little or no problem'' per the BES (Fig. 1) .
A significant correlation was observed between improvement in IDS-SR and BES scores at all time points (r = 0.59-0.70; all p\0.05; Fig. 2 ). MADRS change also demonstrated a significant relationship with BES score change at weeks 4 (r = 0.66, p\0.01) and 12 (r = 0.54, p\0.05), and while a similar trend was observed at weeks 8 and 24, the relationship did not achieve statistical significance at those time points (r = 0.45, p = 0.08 at week 8; r = 0.43, p = 0.16 at week 24; Fig. 3 ). CoEq 19 was significantly correlated with change in BES scores at week 4 (r = 0.74; p\0.001) and week 24 (r = 0.73; p\0.01), but did not achieve statistical significance at weeks 8 and 12 (r = 0.48 to 0.51; p = 0.05 to 0.08). Weight loss was not correlated with BES score change at any time point. As previously reported [25] , the most common adverse events reported during the study were nausea (n = 12; 48%), constipation (n = 8; 32%), headache (n = 8; 32%), insomnia (n = 8; 32%), dizziness (n = 7; 28%), and hot flush (n = 7; 28%), the majority of which were considered moderate in severity. Because NB includes an antidepressant as one of its components, it carries a boxed warning common to the class regarding suicidal thought and behavior in children, adolescents, and young adults age 24 and under. No adverse events related to suicidal thoughts or actions were observed in this study. Bupropion and NB have a dose-related potential to increase the risk of seizure, which is believed to have an incidence of approximately 0.1%, and be increased in patients with bulimia or anorexia. No seizures were reported in this study.
DISCUSSION
In this prospectively designed open-label study of the treatment of participants with MDD and overweight/obesity, NB, given in conjunction with dietary and physical activity counseling, was associated with a significant decrease in binge eating score, as well as improvements in depressive symptoms, body weight, and control over eating. BED was not an entry criterion, and although BES scores do not necessarily equate with a formal BED diagnosis, it is noteworthy that BES scores were unexpectedly high and clinically significant at baseline: 91% of subjects had moderate or severe binge eating behavior according to this scale. From week 8 onward, no patient continued to exhibit BES scores in the severe range. Moreover, improvement in binge eating symptoms generally correlated with improvement in depressive symptoms based on both clinician-scored (MADRS) and self-reported (IDS-SR) depressive scores (although the correlations were not significant at each time point using the MADRS), and control over eating. These findings suggest that binge eating, at least when accompanied by MDD and overweight/obesity, may respond to NB plus behavioral treatment. In prior small studies, bupropion monotherapy has been shown to reduce binge eating in bulimia nervosa (BN) [30] but not BED [31] , where it was associated with a small but statistically significant amount of weight loss. Studies of opioid antagonist monotherapy have been mixed but largely negative in both BN and BED [32] . The present findings raise the question whether binge eating, in particular when present in individuals with MDD, might respond better to NB than to bupropion alone or naltrexone alone, as has been shown for weight loss in people with obesity. Randomized controlled trials are needed to determine whether true BED responds better to NB than to its individual components.
NB is postulated to affect both the homeostatic and reward centers of the brain [23] , and the improvement in self-reported binge behavior assessed with the BES observed in this study may, in part, be related to the purported effect of NB on improving measures of control of eating and cravings [23, [33] [34] [35] [36] [37] . However, given the complex bidirectional associations between Fig. 2 Change in BES score vs. change in IDS-SR. IDS-SR Inventory of Depressive Symptomatology-Self-Report, BES Binge Eating Scale mood, eating behavior, and body weight, as well as the uncontrolled design of the study, it is difficult to ascertain whether these improvements are primarily related to the effects of NB on control over eating, other mechanisms of weight loss with NB, the antidepressant effects of bupropion, the counseling received by subjects, or other factors related to clinical trial participation. Finally, although there was no association between change in BES score and weight loss, it should be noted that weight change is a gradual process and temporally dissociated from changes in eating behavior and mood. Thus, longer-term evaluation of the relationship between these outcomes may be warranted.
Limitations of this study include its open-label, single-site (tertiary care center) design, lack of control group, small sample size, and high dropout rate, and the fact that all participants were women. Thus, while these results are promising, limited inferences can be made to the broader MDD or BED obese population. The possibility that subjects' binge eating behavior responded to dietary and physical activity counseling rather than NB cannot be excluded. Similarly, the contribution of the behavioral counseling to the change in body weight cannot be determined, although in previous studies, mean weight loss in participants who complete 1 year of treatment with NB tends to be approximately 4-6% greater than in study participants receiving the identical instruction on diet and exercise [33] [34] [35] [36] . It is also unknown if these findings using the BES would generalize to patients with diagnosed BED, to men with BED, or to people with BED without co-occurring MDD or overweight/ obesity.
CONCLUSION
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